The question how breast cancer evolves has been subject to many studies, but many details of the molecular pathogenesis of sporadic type breast cancer are still unknown; this applies both to hormone-dependent and hormone-independent breast cancer. However, histopathologic, genetic, and epidemiological studies have provided good evidence that almost all types of breast cancer are preceded by noninvasive precursor lesions [ductal carcinoma in situ (DCIS), lobular carcinoma in situ (LCIS)] that share many molecular similarities with invasive breast cancer [1, 2] . The most important contributions have come from studies involving comparative genomic hybridization (CGH), particularly with modifications that allow the use of paraffin-embedded material [3] . CGH analysis of DCIS has demonstrated a large number of gains at 1q, 5p, 6q, 8q, 17q, 19q, 20p, 20q, and Xq and losses of 2q, 5q, 6q, 8p, 9p, 11q, 13q, 14q, 16q, 17p, and 22q [4] [5] [6] , and these changes are similar to invasive ductal carcinomas that are associated with large DCIS [7] . In fact, no genetic alterations specific for DCIS or invasive breast cancer were detected so far [8] . Interestingly, these DCIS lesions closely reflect the molecular subtypes of breast cancer that they precede or are associated with [9] . This has led to the distinction of two major molecular pathways in DCIS [4, 10] : a low-grade pathway that leads to the development of mostly hormonereceptor-positive tumors and a high-grade pathway. There is strong molecular evidence that precursor lesions are committed by their molecular profile to progress either to low-or high-grade carcinomas. This was repeatedly shown by comparison of molecular alterations at the genetic level of invasive breast carcinoma with adjacent ductal or lobular carcinoma in situ [4, 11] , and among other evidence [12] , this has lead to the hypothesis that breast cancer in general is not one but many different diseases, even at the precursor stage [13] .
Today, it is evident that the neoplastic process begins earlier than at the DCIS stage, but which histological lesions are directly involved in this process is not being fully understood. More than 30 years ago, Jensen et al. [14] described a continuum of morphologic changes linking hyperplastic and metaplastic lesions including usual ductal hyperplasia (UDH) to DCIS and invasive breast cancer. This model was derived from morphologic observations on the similarity and topographic relationship of non-neoplastic lesions to in situ neoplasia and has become textbook knowledge since. Only in 2001 was it shown that this multistep model does not apply because the earliest lesion, UDH, is genetically unaltered and characterized by another cytokeratin profile than DCIS [15] . Therefore, UDH is usually not neoplastic in nature [8] and cannot be regarded as an immediate precursor of DCIS. In recent years, a new hypothesis has been put forward about what constitutes the immediate precursor for DCIS. As illustrated in Fig. 1 , there is now compelling evidence that columnar cell lesions are the "missing" link between normal breast tissue and DCIS in the low-grade pathway [16, 17] , and by clonality analysis of mitochondrial DNA, this was proven at least for invasive tubular carcinoma [18] . In this issue of J Mol Med, Gao et al. [19] provide further evidence to the concept of very early precursor lesions, with atypical ductal hyperplasia as the earliest neoplastic lesion that is related to DCIS.
In contrast to DCIS, LCIS or lobular neoplasia, as it is called nowadays, has generally been considered to be a mere risk factor for the later occurrence of ipsilateral or contralateral breast cancer [20] . The risk associated with LCIS is low, with the majority of carcinomas that are associated with LCIS occurring more than 10 years after the initial diagnosis of LCIS [21] . However, studies on the molecular genetics of LCIS [22, 23] , clonality studies [11, 24] and morphologic evidence [25] indicate that LCIS is much more closely related to invasive lobular carcinoma and a direct precursor in a proportion of cases yet to be determined. Also, molecular genetic studies of LCIS studies have shown many similarities with low-grade DCIS, strengthening the view of LCIS being an immediate precursor lesion and placing LCIS in the low-grade pathway of breast cancer [26] .
These insights on the molecular biology of breast cancer precursors have important implications for clinical practice. Firstly, the distinction between fully developed DCIS or LCIS and lesions previously regarded as atypical hyperplasia (atypical ductal hyperplasia, flat epithelial atypia, atypical lobular hyperplasia) is blurred [9] . Although the risk associated with the early precursor lesions is low, it is regarded as severe enough to recommend excision in most cases if found in core needle biopsy [27] . Secondly, the knowledge of low-and high-risk pathways allows for the identification of lesions with a higher probability of recurrence [28] , and careful attention must be paid especially to these high-grade DCIS to ascertain the completeness of excision and rule out tumor invasion by the pathologist. Thirdly, the identification of atypical columnar cell lesions as the "missing link" in the multistep theory of the evolution of low-grade breast cancer [16, 29] has created much awareness to these lesions, and the correct management of these low-risk lesions in the breast has been subject to debate [30] . Taken together, only a broad concept of breast cancer precursors has been established today, and much remains to be learned with regard to the significance of individual genetic and epigenetic alterations, which may eventually lead to a more refined and clinically oriented classification of precursor lesions. Fig. 1 Stepwise tumor progression leading to invasive ductal carcinoma (low-grade pathway). This is a modified WellingsJensen model showing linear progression from luminal cells within a terminal ductal lobular unit (TDLU) and blunt duct adenosis (BDA) that may progress into flat epithelial atypia (FEA) and atypical ductal hyperplasia (ADH) into ductal carcinoma in situ (DCIS) and finally leading to invasive ductal carcinoma (IDC). The usual ductal hyperplasia (UDH) and simple microcysts are not considered to belong to this pathway. The figure has been taken and slightly adapted from Lee et al. [17] with permission
